(12) D^JTERNATIONAL AP^^VTION PUBLISHED UNDER THE PATENT O 

(19) World InteUectual Property 
Organization 
International Bureau 




(43) International Publication Date 

27 May 2004 (27.05.2004) PCX 



riO/50X)529 
Nation treaty (pct) 
yFT© Oi JUL 2004 



(10) International Publication Number 

wo 2004/045111 A2 



(51) International Patent Classiiication^: 
(21) International Application Number: 



H04B 10/00 



PCT/JP2003/014351 

(22) International Filing Date: 

12 November 2003 (12.1 1.2003) 



(25) Filing Language: 

(26) Publication Language: 



English 
. English 



(30) Priority Data: 

2002-329448 



Nobuo [JP/JP]; 3-14, Miyukihigashimaclii, Neya- 
gawa-shi, Osaka 572-0055 (JP). NISHIHARA, Kazunari 
[JP/XP]; 4-11-8, Uenoshibamukogaoka-cho, Sakai-shi, 
Osaka 593-8303 (JP). TSURUNARI, Tetsuya [JP/JP]; 
18-21-301, Yanagida-cho, Kadoma-shi, Osaka 571-0038 
(JP). YUDA, Naoki [JP/JP]; 5-2-507, Kikugaokaminami- 
machi, Hirakata-shi, Osaka 573-0092 (JP). 

(74) Agents: IWAHASHI, Fumio et al.; Matsushita Electric 
Industrial Co., Ltd., 1006, Oaza Kadoma, Kadoma-shi, Os- 
aka 571-8501 (JP). 



13 November 2002 (13.11.2002) JP (81) DesignMed State (rmtional): VS. 



(71) Applicant (for ail designated States except US): MAT- 
SUSHITA ELECTRIC INDUSTRIAL CO^ LTD. 
[JP/JP]; 1006. Oaza Kadoma. Kadoma-shi, Osaka 
571-8501 (JP). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): SASHINAKA, 



(84) Designated States ( regional): European patent (AT, BE, 
BG, CH, CY, CZ, DE, DK, EE, ES, H, FR, GB, GR, HU. 
IE, rr, LU, MC, NL. PT, RO, SE, SI. SK, TR). 

Published: 

— without international search report and to be republished 
upon receipt of that report 

[ Continued on next page] 



(54) Title: OPTICAL COMMUNICATIONS MODULE AND SUBSTRATE FOR THE SAIVIE 



< 



IT) 



o 




(57) Abstract: A substrate on 
which cavities having floors 
and steps is provided. End 
faces of a light-emitting device, 
an optical component, and an 
optical transmission line are 
abutted on one of the cavity 
for positioning, and end faces 
of a light-receiving device, 
an optica] component, and an 
optical transmission line are 
also abutted on the other cavity 
for positioning. Integrated 
alignment of optical axes 
facilitates alignment of optical 
axes, and thus eliminates 
the need of a CAN package. 
Accordingly, the size and height 
of an optical communications 
module can be reduced. 
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DESCRIPTION 



OPTICAL COMMUNICATIONS MODULE 
AND SUBSTRATE FOR THE SAME 

5 

TECHNICAL FIELD 

The present invention relates to small and short optical modules for 
communications, and substrates used in the modules that allow easy adjustment of 
optical axes. 

10 

BACKGROUND ART 
Fig. 17 shows an entire image of a package including a conventional 
transceiver module for optical communications. The entire package is configured 
with optical transmission line 41, CAN Package for transmission (hereafter 

15 "package") 24, and CAN Package for reception (hereafter "package") 25. Fixing jig 
42 secures optical transonission line 41. Packages 24 and 25 are mounted on printed 
circuit board (hereafter "board") 34, and enclosed in package 21. The name CAN 
Package comes firom the use of a metal can for the package. Fixing jig 42 and 
adapter 21 A of package 21 are fitted, and the optical axis of optical transmission line 

20 41 and optical axes of packages 24 and 25 are aligned by means of this modular 
structure. 

Fig. 18 shows board 34 enclosed in package 21. Packages 24 and 25, 
semiconductor device 45, and passive element 26 are mounted on board 34. 

Fig. 19 is a sectional view of Fig. 18 taken along Line A-A' on board 34 
25 including the center axes of packages 24 and 25. Ligjit-emitting device 29 is 
mounted inside package 24, and sealing material 33 hermetically seals this package 
24. In addition, optical component 27 such as lens or window is installed in 
package 24. The light emitted from light-emitting device 29 enclosed in package 24 
passes through optical component 27 and enters optical transmission line 41 whose 
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Optical axis is aligned by the modular stxucture. This enables the module to transmit 
signals. 

In the same way, light-receiving device 30 is mounted inside package 25, and 
sealing material 33 hermetically seals this package 25. In addition, optical 
5 component 28 such as lens or window is installed in package 25. The Ught output 
from transmission line 41 of the reception side whose optical axis is aligned by the 
modular structure passes through optical component 28 installed in package 25, and 
arrives at light-receiving device 30. This enables the module to receive signals. 
This type of package, including a transceiver module for optical communications, is 

10 disclosed in Japanese Unexamined Patent Publication No. HI 1-345987. 

In the above structure, however, the aUgoment of optical axes of light- 
emitting device 29 and light-receiving device 30, and respective optical components 
27and 28 depends on packages 24 and 25. Moreover, the alignment of the optical 
axes of light-emitting dcAdce 29, light-receiving device 30, and optical components 

15 27 and 28 and the optical axis of optical transmission line 41 depends on the modular 
structure of fixing jig 42 and adapter 21A of package 21. For each alignment, the 
optical axes need to be separately aligned. Furthermore, the size of packages 24 
and 25 limits downsizing and height reduction because packages 24 and 25 are 
moujited on board 34. 

20 

DISCLOSURE OF INVENTION 
An optical communications module of the present invention employs a 
substrate that has a cavity with a floor and a step. A Ught-emitting device, an 
optical component, and an end face of an optical transmission line are positioned by 
25 abutting them on and fitting them into the cavity. A light-receiving device, an 
optical component, and an end face of optical transmission line are positioned by 
abutting them on and fitting them into the cavity. 
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BRIEF DESCRIPTION OF TBffi DRAWINGS 
Figs, 1 and 2 are perspective views of a transceiver module for optical 
communicatLons in accordance with a first exemplaiy embodiment of the present 
5 invention. 

Fig. 3 is a sectional view of the transceiver module for optical 
communications ui accordance with the first exemplary embodiment of the present 
inv^tion. 

Figs. 4 and 5 are perspective views of a transceiver module for optical 
10 communications in accordance with a second exemplary embodiment of the present 
invention. 

Fig. 6 is a sectional view of the transceiver module for optical 
communications in accordance with the second exemplary embodimrat of the present 
invention. 

15 Figs. 7 and 8 are perspective views of a light emission and receiving module 

for optical communications in accordance with a third exemplary embodunent of the 
present invention. 

Figs. 9 and 10 are sectional views of the transceiver module for optical 
communications in accordance with the third exemplary embodiment of the present 
20 invention. 

Figs. 11 and 12 are perspective views of a transceiver module for optical 
communications in accordance with a fourth exemplary embodiment of the present 
invention. 

Figs. 13 and 14 are sectional views of the transceiver module for optical 
25 communications in the fourth exemplary embodunent of the present invention. 

Fig. 15 is a sectional view of a transceiver module for optical 
communications in accordance with a fifth exemplary embodiment of the present 
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invention. 

Fig. 16A is a top view of a wire bonding in a multi-step cavity in accordance 
with the exemplary embodiments of tiie present invention. 
Fig. 16B is a perspective view of Fig. 16A. 
5 Fig. 17 is a perspective view of a package including a conventional 

transceiver module for optical communications. 

Fig. 18 is a perspective view of the conventional transceiver module for 
optical communications. 

Fig. 19 is a sectional view of the conventional transceivCT module for optical 
10 communications. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
Exemplary embodiments of the present invention are described below with 
reference to drawings. For reasons of simplicity, the same reference numerals are 

15 given to the same structures. 

FIRST EXEMPLARY EMBODIMENT 

Figs. 1 and 2 are perspective views of a transceiver module for optical 
communications in a first exemplary embodim^t of the present invention. Fig. 3 is 
a sectional view taken along Line A - A' in Fig. 1 or Fig. 2. 

20 In Fig. 1, substrate O^ereafter "substrate") 6 is a multilayer ceramic substrate 

on which semiconductor devices 5 are mounted, and substrate 6 has cavities 3 with at 
least one step and a floor. Semiconductor devices 5 are components of a 
photoelectric converting circuit; and are ICs that convert electrical signals to light 
and vice versa. This photoelectric converting circuit exchanges signals with an 

25 external circuit via terminal 7. Fixing jig 2 for optical transmission line secmres two 
cores of optical transmission lines 1. Optical transmission lines 1 are abutted on 
cavities 3 on substrate 6. The transceiver module for optical communications of the 



wo 2004/045111 




T/JP2003/014351 



5 

exemplary embodiment is configured as described above. The top steps of cavities 
3 have substantially the same shape as optical transmission line 1, and optical 
components 4 such as a refractive lens, diffiractive lens, optical iris, and window 
which have substantially the same outUne as optical transmission hne 1 are also 
5 disposed on this top steps. Cavity 3 can also have two or more steps, and optical 
transmission line 1 and optical components 4 can be disposed on the same step. 

At the optical system on the transmission side, the refractive lens or the 
dif&active lens focuses the Ught output from Ught-emitting device 8, and apply this 
light to optical transmission line 1 of the transmission side at high efficiency. At the 

10 optical system on the reception side, the refractive lens or the dififractive lens focuses 
. the light output from optical transmission hne 1 of the reception side, and apphes the 
light to Hght-receiving device 9 at high efficiency. Moreover, the dififractive lens 
shortens the focal distance so as to shorten the distance between light-emitting device 
8 or light-receiving device 9 and optical transmission line 1. In the optical system at 

15 the transmission side, the optical iris removes excess light in the light output from 
light-emitting device 8 and then apphes the light to optical transmission line 1 of the 
transmission side. In the optical system on the reception side, the optical iris 
removes excess light in the Ught output from optical transmission hne 1 of the 
reception side, and appUes the hght to li^t-receiving device 9. 

20 To position optical transmission line 1 and optical components 4 by the top 

step of cavity 3, the outUnes of optical transmission line 1, the top step of cavity 3, 
and optical components 4 are made substantially the same, as shown in Fig. 1. 
However, if optical transmission hne 1 is uniquely positioned, cavity 3 and optical 
components 4 can have other shapes, as shown in Fig. 2, such as a square and 

25 triangle. 

In Fig. 3, electric line 12, via hole 13, and passive elements 11 including a 
coil, a capacitor, and a resistor, which are components of the photoelectric converting 
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circuit, are disposed on inner layers of substrate 6 which is a multilayer ceramic 
substrate. 

Cavities 3 created on the surface of substrate 6 have at least one step, and 
light-emitting device 8 and light-receiving device 9 are mounted on their floors. In 
5 addition, optical components 4 are disposed on the top steps of cavities 3, and 
hermetically sealed by sealing material 10 made such as of glass, resin, and solder. 
Optical transmission lines 1 are abutted immediately on optical components 4 such 
that optical transmission lines 1 contact optical components 4. Sealing of optical 
components 4 in the multi-step cavities allows reduction of the number of 

10 components, thus simplifying the structure. In addition, the performance of 
hermetically sealed light-emitting device 8 or lig^t-receiving device 9 is stabilized, 
suppressing secular changes in light-emitting device 8 or light-receiving device 9. 
The use of resin for sealing facilitates sealing. The use of solder for seahng 
eliminates the need to apply kovar glass to optical components 4. 

15 In the exaooqple shown in Fig. 3, a light-emitting diode (LED) chip and photo 

diode (PD) chip are mounted respectively as light-emitting device 8 and light- 
receiving device 9. Diflfractive lens 4A and window 4B made of glass are disposed 
as optical components 4. Optical transmission lines 1, each made of a plastic-clad 
fiber, are then abutted on cavities 3, Each cavity 3 has two steps for allowing 

20 electrical connection of the sxirface of the LED chip or PD chip to an upper step by 
wire bonding. Laser diode (LD) can also be used as light-emitting device 8. 
Photoelectric conversion is simplified by use of these optical semiconductor devices 
as Hght-emitting device 8 and light-receiving device 9. 

In the example shown in Figs. 16A and 16B, electrode 51 formed in cavity 3 

25 on substrate 6 and light-emitting device 8 fitted in cavity 3 are connected by wire 52 
made such as of gold. In this structure, electrode 51 is formed on a groove where a 
backo£f is created for the bonding tip at a wire bonding for electrical connection. 
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This achieves an equivalent optical system by cavity 3 with only a single step. In 
belli cases, the outlines of the top steps of cavities 3 and optical components 4 
disposed on the top steps are made substantially the same. And the outline of these 
members and that of optical transmission lines 1 are made substantially the same to 
5 uniquely determine the position of optical transmission tines 1. This allows 
positioning of one of optical components 4 and optical transmission line 1 using only 
a single step. 

Id Fig- 3, the light output from light-emitting device 8 is focused through lens 
4A, and enters optical transmission line 1 of the transmitting side. The ligjit from 

10 the optical transmission line of the reception side passes through window 4B, and is 
applied to ligjht-receiving device 9. By positioning light-emitting device 8, lens 4A, 
and optical transmission line 1; and light-receiving device 9, window 4B, and optical 
transmission line 1 by means of each of cavities 3, each of the optical axes of the 
optical systems at the transmission and reception sides can be easily aligned. 

15 In tills embodiment, tiie number of layCTs in substrate 6, which is a multilayer 

ceramic substrate, is preferably two or more than the number of steps of cavities 3. 
By creating through holes at predetermined positions in each ceramic layer before 
lamination, cavities 3 can be easily formed. The thickness of the ceramic layer 
which becomes the steps one level upper the floors of cavities 3 created on the 

20 surface of substrate 6 preferably has substantially the same thickness as light- 
emitting device 8 and light-receiving device 9. This facilitates the positioning of 
light-emitting device 8 and light-receiving device 9, and also facilitates wire bonding 
from the surface of light-emitting device 8 and light-receiving device 9. 
Furthermore, the mechanical strength of entire substrate 6 can be increased by 

25 fabricating the ceramic layer that becomes the floors of cavities 3 created on the 
surface of substrate 6 with firing powder or firing powder and machining. 
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SECOND EXEMPLARY EMBODIMENT 

Figs. 4 and 5 are perspective views of a transceiver module for optical 
communications in a second exemplary embodiment of the present invention. Fig. 
6 is a sectional view taken along Line A-A' in Fig. 4 or Fig. 5. 
5 The transceiver module for optical communications shown in Fig. 4 has a 

different structure for cavities 3 compared to that in the &st exemplary embodim^t 
shown in Fig. 1. However, the other structures are identical. The top steps of 
cavities 3 have a shape substantially the same as that of optical transmission lines 1. 
Optical components 4 such as refractive lens, diflfractive lens, optical iris, and 

10 window are installed on the steps one level below the top steps. As in the first 
exemplary embodiment^ cavities 3 and optical components 4 can have other shapes 
such as square and triangle, as shown in Fig. 5, as long as the positions of optical 
transmission lines 1 are uniquely deteimined. 

In Fig. 6, multi-step cavities 3 created on the surface of substrate 6, which is 

15 a multilayer ceramic substrate, have at least two steps, and light-emitting device 8 
and Ught-receiving device 9 are mounted on their floors. Optical transmission lines 
1 are abutted on the top steps. Optical components 4 (lens 4A and window 4B) are 
installed on the steps one level below the top steps, and th^ hermetically sealed by 
sealing material 10. 

20 In the example shown in Fig. 6, the surface of light-emitting device 8 or that 

of light-receiving device 9 to the upper step is electrically connected by wire bonding, 
and therefore cavities 3 have three steps. On the other hand, as shown in Figs. 16A 
and 16B, an equivalent optical system can be achieved with two-step cavity 3 by 
establishing electrical connection using wire bonding onto the floor, in both cases, 

25 when cavities 3 have two or more steps, optical transmission lines 1 can be 
positioned without allowing cores lA of optical transmission lines 1 to contact and 
damage substrate 6 or optical components 4 by the use of two steps, i.e., a top step 
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plus one step below, in cavities 3. 

Cavities 3 can also have three or more steps. In this, case, optical 
components 4 are installed on one of the steps, and optical transmission lines 1 are 
installed on any step above tlie steps holding optical components 4. 
5 The depth of the steps where optical components 4 are installed is preferably 

greater than the thickness of optical components 4. Altematively, it is preferable to 
provide a vacant step between the step where one of optical components 4 is installed 
and the step where optical transmission Une 1 is installed, as described later with 
reference to Fig, 10. This prevents contact between optical components 4 and 

10 optical transmission Hnes 1. 

The outUne of the steps where optical components 4 are installed is 
preferably larger than cores lA of optical transmission lines 1. This ensures that 
optical transmission lines 1 can be positioned so as to prevent cores lA contacting 
aad causiog damage to optical components 4. 

15 In the above transceiver module for optical communications, the light output 

from light-emitting device 8 is focused through diffiractive lens 4A, and the focused 
light enters the optical transmission line 1 of the transmission side. The light from 
optical transmission line 1 of the reception side passes through window 4B and 
arrives at light-receiving device 9. As described above, the positioning of light- 

20 emitting device 8, lens 4A, and optical transmission line 1; and light-receiving device 
9, window 4B, and optical transmission line 1 with respect to each of cavities 3 
facilitates the aligmnent of each of the optical axes of the optical systems at the 
transmission and reception sides hi the same way as lhat in the first exemplary 
embodiment In addition, degradation of characteristics by wear is preventable 

25 because optical components 4 and optical transmission lines 1 do not come into 
contact 
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THIRD EXEMPLARY EMBODIMENT 

Figs. 7 and 8 are perspective views of a transceiver module for optical 
communications in a third exemplary embodiment. Figs 9 and 10 are sectional 
views taken along Line A-A' in Fig. 7 or Fig. 8. 
5 The transceiver module for optical communications shown in Fig. 7 has a 

different structure for cavities 3 compared to that in the first exemplary embodiment 
shown in Fig. 1. However, the other structures are identical. As in the first 
exemplary embodiment, cavities 3 and optical components 4 can have other shapes 
such as square and triangle, as shown in Fig. 8, as long as the positions of optical 
10 transmission lines 1 are imiquely determined. 

In the following description, the top step of cavity 3 is called a first cavity, 
and one level below the top step is called a second cavity, and then a third cavity 
which is another level below. The first cavity has a shape substantially the same as 
optical transmission line 15, and the second cavity has a shape substantially the same 
15 as optical transmission tine 1 which has a smaller diameter than that of optical 
transmission line 15. Optical components 4 (lens 4A and window 4B) are installed 
on the tiiird cavities. 

In Figs. 9 and 10, cavities 3 created on the surface of substrate 6 which is a 
multilayer ceramic substrate has at least three steps, and light-emitting device 8 and 
20 light-receiving device 9 are mounted on their floors. Moreover, optical transmission 
lines 15 are abutted on the first cavities as shown in Fig. 9, and optical transmission 
lines 1 are abutted on the second cavities as shown in Fig. 10. Optical components 
4 are installed on the third cavities, and hermetically sealed by sealing material 10. 

In the example shown in Fig. 9, the surface of Ught-emitting device 8 or the 
25 surface of light-receiving device 9 to the upper step is electrically connected by wire 
bonding, and therefore cavities 3 have four steps. On the other hand, as shown in 
Figs. 16A and 16B, an equivalent optical system can be achieved with three-step 
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cavity 3 by establishing electrical connection usiag wire bonding onto the floor. 

In the example shown ia Fig. 10, optical transmission line 15 is made of a 
plastic fiber, unlike that in Fig. 9. It is apparent firom Figs. 9 and 10 that the third 
exemplary embodiment is applicable to two types of optical transmission lines 1 and 
5 15 made of plastic-clad fiber and plastic fiber. The core diameters of the plastic 
fiber and plastic-clad fiber are sixfficientiy large to permit the light output firom light- 
emitting device 8 to readily enter optical transmission lines 1 and 15 when these 
types of fibers are used as the optical transmission Unes. 

In Fig. 9, the light output firom light-emitting device 8 is focused through lens 

10 4A, and enters optical transmission line 1 of the transmission side. The light fi^om 
optical transmission line 1 of tiie reception side passes through window 4B, and 
arrives at Ught-receiving device 9. As described above, the positioning of light- 
emitting device 8, lens 4A, and optical transmission hne 1; and light-receiving device 
9, window 4B, and optical transmission line 1 with respect to each of cavities 3 

15 facilitates the aligmnent of each of the optical axes of the optical systems at the 
transmission and reception sides. In Fig. 10, the light output fi-om light-emitting 
device 8 is focused through lens 4A, and enters optical transmission line 15 of the 
transmission side. The light firom optical transmission line 15 of the reception side 
passes througih window 4B, and arrives at light-receiving device 9. In the same way, 

20 the positioning of Ught-emitting device 8, lens 4A, and optical transmission line 15; 
and light-receiving device 9, window 4B, and optical transmission line 15 with 
respect to each of cavities 3 facilitates the aligmnent of each of the optical axes of the 
optical systems at the transmission and reception sides. In the same way as in the 
second exemplary embodiment, degradation of characteristics by wear is preventable 

25 because optical components 4 and optical transmission lines 1 and 15 do not come 
into contact In addition, the third exemplary embodiment is applicable to two 
types of optical transmission lines 1 and 15, i.e., plastic-clad fiber and plastic fiber. 
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As described above, cavity 3 having three or more steps allows the 
positLoning of two or more types of transmission lines 1 and 15 which have different 
outlines via the top step of cavity 3 and one level below the top step. Cavity 3 can 
also be configured with three or more steps, and optical transmission line 1 can be 
5 installed on a step other than the top step. As in the first exemplary embodiment, 
one of optical components 4 and optical transmission line 1 can also be installed on 
the same step, and optical transmission line 15 can be installed on one level above 
that step. This allows cavity 3 with only two steps to be used for optical 
transmission lines 1 and 15 with different outlines. 

10 

FOURTH EXEMPLARY EMBODIMENT 

Figs. 11 and 12 are perspective views of a transceiver module for optical 
communications in a fourth exemplary embodiment of the present invention. Figs. 
13 and 14 are sectional views taken along Line A- A' in Fig. 11 or Fig. 12. 

15 The module shown in Fig. 11 has a dififerent stmcture for cavities 3 

compared to that in the first exemplary embodiment shown in Fig. 1, but the other 
structures are identical. Also as in the first exemplary embodiment, cavities 3 and 
optical components 4 can have oibsx shapes such as square and triangle, as shown in 
Fig. 12, as long as the positions of optical transmission lines 1 are imiquely 

20 determined. 

In the following description, the top step of cavity 3 is called a first cavity, 
and one level below the top step is called a second cavity, and then a third cavity and 
fourth step downward. The first cavity has a shape substantially the same as optical 
transmission line 15, and the second cavity is larger than core 15A of optical 
25 transmission line 15. The third cavity has a shape substantially the same as optical 
transmission line 1 that has a smaller diameter than that of optical transmission line 
15. The fourth cavity is larger than core lA of optical transmission line 1. Optical 
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components 4 (lens 4A and window 4B) are installed on the fourth cavities. 

In Figs. 13 and 14, multi-step cavities 3 created on the surface of substrate 6 
have at least four steps, and light-emitting device 8 and light-receiving device 9 are 
mounted on their floors. In Fig. 13, optical transmission lines 1 are abutted on the 
5 third cavities. In Fig. 14, optical transmission lines 15 are abutted on the first 
cavities. Optical components 4 are installed on the fourth cavity, and then 
hermetically sealed by sealing material 10. 

In the example shown in Fig. 13, the surface of light-emitting device 8 or 
that of light-receiving device 9 to the upper step is electrically connected by wire 
10 bonding, and therefore cavities 3 have five steps. On the other hand, as shown in 
Figs. 16A and 16B, an equivalent optical system can be achieved with four-step 
cavities 3 by establishing electrical connection using wire bonding onto the floors. 

In the example shown in Fig. 14, plastic fibers are used for optical 
transmission lines 15, unlike the example shown in Fig. 13. Accordingly, it is 
15 apparent firom Figs. 13 and 14 that this embodiment is applicable to two types of 
optical transmission lines 1 and 15, i.e., plastic-clad fiber and plastic fiber. 

As described above, cavity 3 having four or more steps enables positioning 
of optical transmission line 1 having a smaller diameter than that of optical 
transmission line 15 by using two steps which are two levels and three levels below 
20 the top step of cavity 3. This prevents the cores of optical transmission lines 1 
contacting and being damaging substrate 6 and optical components 4. 

FIFTH EXEMPLARY EMBODIMENT 

Fig. 15 is a sectional view of a transceiver module in a fifth exemplary 
25 embodiment taken along Line A-A\ A perspective view of the transceiver module 
for optical communications in this embodiment is the same as that shown in Fig. 7 or 
Fig. 8. 
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Cavities 3 created on the surface of substrate 6 have at least three steps. 
And the top steps is called the first cavity, and then the second cavity, and third 
cavity downward. Optical transmission lines 1 are abutted on the first cavities. 
Optical components such as optical iris 4C and diJBGractive lens 4A are installed on 

5 the second and third cavities respectively, and are hermetically sealed using sealing 
material 10. Light-emitting device 8 and light-receiving device 9 are mounted on 
the floors of cavities 3. The other structures are the same as those in the third 
exemplary embodiment 

In Fig. 15, the surface of light-emitting device 8 or that of light-receiving 

10 device 9 to the upper step is electrically connected by wire bonding, and therefore 
cavities 3 have four steps. On the other hand, in the example shown in Figs. 16A 
and 16B, an equivalent optical system can be achieved with three-step cavities 3 by 
establishing electrical connection using wire bonding onto the floors. In addition, in 
Fig. 15, optical transmission lines 1 is positioned in the first cavities, and optical 

15 components 4 (optical iris 4C and window 4B) are positioned in the second or third 
cavities to prevent contact between optical transmission Unes 1 and optical 
components 4. However, the number of steps in cavities 3 can be reduced by one if 
both optical transmission lines 1 and optical components 4 are positioned in the first 
cavities. 

20 The light output firom light-emitting device 8 is focused through lens 4A, and 

optical iris 4C removes excess light. Then, the light enters optical transmission line 
1 of the transmission side. The light firom optical transmission line 1 of the 
reception side passes througji window 4B, and arrives at light-receiving device 9. 
As described above, the positioning of light-emitting device 8, lens 4A, optical iris 

25 4C, and optical transmission line 1; and light-receiving device 9, window 4B, and 
optical transmission line 1 with respect to each of cavities 3 facilitates tiie aligmnent 
of each of the optical axes of the optical systems at the transmission and reception 
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sides regardless of the number of optical components 4. When optical transmission 
line 1 is installed on the top step of cavity 3 or optical transmission line 1 and one of 
optical components 4 are installed on the top step, the positioning of at least two 
optical components 4 with different outlines can be achieved by using remaining 
5 steps. 

All exemplary embodiments mentioned above refer to a single module for 
both transmission and reception. It is apparent that the ahgmnent of optical axis 
described in the present invention is also effective for modules for transmission or 
reception only. 

10 

INDUSTRIAL APPLICABILITY 

The present invention allows integrated alignment of optical axis of the 
optical transmission line^ optical components, and light-emitting device or light- 
receiving device, and thus a smaller and shorter transceiver module for optical 
15 communications is achievable. 
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CLAIMS 

1. An optical connnunications module comprising: 

at least one of a light-emitting device and a light-receiving device; 
5 at least one of a first optical transmission line transmitting light firom 

said light-remitting device and a second transmission line transmitting light to said 
light-receiving device; 

an optical component optically coupling at least one of said light- 
emitting device and said first optical transmission line, and said light-receiving 
10 device and said second optical transmission line; and 

a substrate on whose surface a cavity is formed, said cavity having a 
floor and at least one step, and at least one of a group of said Ught-emitting device, 
said optical compon^t and said first optical transmission line, and a group of said 
Hght-receiviag device, said optical component and said second optical transmission 
15 line being mounted on said cavity. 

2. The optical communications module as defined ia Claim 1, wherein 
an optical axis of one of said light-emitting device and said light-receiving device and 
an optical axis of said optical component are matched by abutting at least one of said 

20 first optical transmission liae and said second optical transmission line on said cavity. 

3. The optical communications module as defined in Claim 1, wherein 
at least one of said first optical transmission line and said second optical transmission 
line is made of one of a plastic fiber and a plastic-clad fiber. 

25 

4. The optical communications module as defined in Claim 1, wherein 
said Ught-emitting device includes one of a light-emitting diode and a laser diode. 
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and said light-receiving device includes a photo diode. 

5. The optical comnmnications module as defined in Claim 1, wherein 
said optical component includes a refractive lens. 

5 

6. The optical communications module as defined in Claim 1, wherein 
said optical component includes a dififractive lens. 

7. The optical communications module as defined in Claim 1, wherein 
10 said optical component includes an optical iris. 

8. The optical communications module as defined in Claim 1, wherein 
said optical component hermetically seals at least one of said light-emitting device 
and said light-receiving device. 

15 

9. The optical communications module as defined in Claim 1, wherein 
said optical component is hermetically sealed onto said cavity by one of glass, resin, 
and solder. 

20 10. The optical communications module as defined in Claim 1, 

wherein at least one of said light-emitting device and said light-receiving device is 
disposed on said floor of said cavity, and said optical component and at least one of 
said first optical transmission line and said second optical transmission line are 
disposed on said step of said cavity. 

25 

11. The optical communications module as defined in Claim 1, 
wherein said cavity has one of one and a plurality of said steps, and at least one of a 
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group of said optical component and said first optical transmission line, and a group 
of said optical component and said second optical transndssion line is disposed on a 
first step, said fijrst step being one of one and the plurality of said steps. 

5 12. The optical communications module as defined in Claim 1, 

wherein an outline of said step where one of said first optical transmission line and 
said second optical transmission line is disposed and an outline of said optical 
component are same as an outline of one of said first optical transndssion line and 
said second optical transmission line disposed on said step. 

10 

13. The optical communications module as defined in Claim 1, 
wherein said step of said cavity is provided in a plurality and includes a first step and 
a second step which is one level below said first step, at least one of said first optical 
transmission line and said second optical transmission line is disposed on said first 

15 step, and said optical component is disposed on said second step. 

14. The optical communications module as defined in Claim 1, 
wherein at least one of said fibrst optical transmission line and said second optical 
transmission line is disposed separately firom said optical component. 

20 

15. The optical communications module as defined in Claim 13, 
wherein said cavity has a third step between said first step and said second step. 

16. The optical communications module as defined in Claim 13, 
25 wherein a height of said second step is greater than a thickness of said optical 

component 
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17. The optical communications module as defined in Claim 13, 
wherein an outline of said second step is laiger than a core of one of said first optical 
transmission line and said second optical transmission line disposed on said first step. 

5 18. The optical communications module as defined in Claim 1, 

wherein said cavity has at least three steps, and said optical component is provided in 
a pluraKty, said optical components having different outlines are disposed on said 
cavity on a same optical axis. 

10 19. The optical communications module as defined in Claim 1, 

wherein said substrate is a multilayer ceramic substrate having the number of layers 
two more than the number of step(s) of said cavity. 

20. The optical communications module as defiuied in Claim 19, 
15 wherein a ceramic layer which becomes said floor of said cavity is made through a 

process including at least firing of powder. 

21. The optical communications module as defined in Claim 1, 
wherein a height of the step one level upper the floor of said cavity is equivalent to a 

20 thickness of at least one of said light-emitting device and said tight-receiving device. 

22. The optical communications module as defined in Claim 1, 
wherein a semiconductor device for controUiag at least one of said Ught-emitting 
device and said light-receiving device is mounted on said substrate. 

25 

23. A substrate for optical communications module, said optical 
commuiucations module comprising: 
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at least one of a light-emittmg device and a light-receiving device; 

at least one of a first optical transmission line for transmitting light 
from said Hght-emitting device and a second optical transmission line for transmitting 
light to said light-receiving device; and 
5 an optical component for optically coupling at least one of said liglit- 

emitting device and said first optical transmission line, and said light-receiving 
device and said second optical transmission hne; 

wherein a cavity having a floor and at least one step is formed on a 
smface of said substrate, and at least one of a group of said light-emitting device, 
10 said optical component and said first optical transmission line, and a group of said 
light-receiving device, said optical component, and said second optical transmission 
line is mounted on said cavity. 

24. The substrate as defined iu Claim 23, wherein an outUne of said 
15 step on which one of said first optical transmission line and said second optical 
transmission line is disposed, and an outline of said optical component are same as 
an outhne of one of said first optical transmission line and said second optical 
transmission line disposed on said step. 

20 25. The substrate as defined in Claim 23, wherein said step of said 

cavity is provided in a plurality and includes a first step and a second step which is 
one level below said first step, at least one of said first optical transmission line and 
said second optical transmission line is disposed on said first step, and said optical 
component is disposed on said second step. 

25 

26. The substrate as defined in Claim 25, wherein a height of said 
second step is greater than a thickness of said optical component 
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27. The substrate as defined in Claim 25, wherein an outline of said 
second step is larger thaa a core of one of said first optical transmission line and said 
second optical transmission line disposed on said first step. 

5 

28. The substrate as defined in Claim 25, wherein said cavity has a 
third step between said first step and said second step. 

29. The substrate as defined in Claim 28, wherein an outline of said 
10 third step is same as an outline of a third optical transmission line, said third optical 

transmission line having a outer diameter smaller than that of at least one of said fiorst 
optical transmission line and said second optical transmission line. 

30. The substrate as defined in Claim 29, wherein an outline of said 
15 second step is larger than a core of said third optical transmission line. 

31. The substrate as defined in Claim 25, wherein said cavity has a 
third step between said first step and said second step, said third step has an outUne 
same as an outline of a third optical transmission line, said third optical transmission 

20 line having a outer diameter smaller than that of at least one of said first optical 
transmission line and said second optical transmission line. 
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FIG. 4 
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FIG. 8 



1(15) 



wo 2004/045111 




:T/JP2003/014351 



9/18 

FIG. 9 
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FIG. 13 
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FIG. 15 
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FIG. 16B 
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FIG. 18 
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FIG. 19 
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Reference numerals in the drawings 



1.15 


Optical transmission line 


1A 


Core 


2 


Fixing jig 


3 


Cavity 


4 


Optical component 


4A 


Diffractlve lens 


4B 


Window 


4C 


Optical Iris 


5 


Semiconductor device 


6 


Substrate 


7 


Tenninal 


8 


Light-emitting device 


9 


Light-receiving device 


10 


Airtight sealing material 


11 


Passive element 


12 


Electric line 


13 


Via hole 


21 


Package 


21A 


Adapter 


24 


CAN package for transmission 


25 


CAN package for reception 


26 


Passive element 


27 


Lens 


28 


Window 


29 


Light-emitting device 


30 


Liaht-receivina device 


33 


Airtight sealing material 


34 


Printed circuit t)oard 


41 


Optical transmission line 


42 


Fixing jig 


45 


Semiconductor device 


51 


Electrode 


52 


Wire 



